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Abstract
All major projects of any scale require an understanding of preference formation and decision
making but understanding how preferences are formed within large-scale projects and by large
communities is currently unrepresented within the literature. The research is comprised of two
studies that address preference formation first in multi-stakeholder projects and within
communities. Study 1 was conducted using UAH psychology and engineering students through
an online survey intended to determine how agency preferences differed regarding the SPORT
satellite. Participants were assigned one of three conditions—government, academia, or
industry—and asked to assess their values regarding their role within a hypothetical satellite
project. Researchers hypothesized that agency preferences would differ, and that each agency
would show a greater preference to certain satellite attributes. Most results were insignificant;
however, support was found that agency preferences differed, but not according to our specific
hypotheses. Study 2 was conducted at two AAS conferences in the astrophysics community
regarding NASA decadal missions using an online survey intended to measure actual community
preferences. Researchers hypothesized that community preferences would differ. Conditions
were derived from actual responses, and participants were sorted into four conditions: industry,
academia, undergraduate/graduate students, and other communities. Most results were
insignificant, but support was found that community preferences differed, especially preferences
of industry and academia versus students. Implications of this research suggest that considering
the difference in preferences formed by different agencies and communities, project leaders in
charge of specific projects such as the SPORT satellite and decadal missions should take into
consideration the preferences of each community separately and use preference formation to best
predict what decisions agencies and communities will make.
Keywords: preference, preference formation, community preference, decision making,
large-scale product design
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Introduction
As technology continues to rapidly improve and expand, the power and efficiency of
domestic and international communication allows for the potential for exponential growth of
international projects and companies. In any situation that involves multiple stakeholders, it is
necessary to understand the preferences of each stakeholder to understand the needs of the
project. International multi-stakeholder projects feature the additional level of understanding the
cultural values at play when each company or organization forms their preferences. These
international partnerships are often the result of complex social or environmental issues that
benefit from multiple programs that provide a wider, collective understanding of the issues
(MacDonald, Clarke, & Huang 2017). The complexity of the issues requires the attention of
multiple stakeholders and large communities because of the ambiguity or scale of the project or
projects that could not be feasibly address by any individual group.
Preference Definition and Formation
To begin to understand the impact of preference within programs and communities, it is
important to understand what constitutes as a preference and their formation. Typically, research
defines preference as akin to an attitude, a buried inclination to find something either desirable or
not for an individual (Warren, McGraw, & Boven 2010). Utility theory assumes that these
underlying preferences are both complete and stable across contexts, but research suggests that
preferences are moderately unstable, therefore addressed and adjusted during decision making
processes as well (Warren et. al 2010). Naturally, the context of the goals each stakeholder has
would affect what preferences they would form regarding the project. Therefore, the decision
would be based on preferences formed to meet those goals rather than the inherent attributes
options present. The complexity of the situation creates a continuum of how much effort an
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individual must put into calculation—the more input that that an individual must process and
evaluate for a decision, the more calculation is needed to form these preferences (Warren et. al.
2010). Of course, not all decisions have infinite time available for preference calculation and
decision-making, so the intensity of the time constraints relates to the likelihood individuals will
rely on heuristics to form their preferences. The first input that comes to the individual’s mind
will have the most sway on preference formation, and often this comes from the environment or
memory. Familiarity helps to alleviate the biases of heuristic thinking, though; the more familiar
the individual is with their domain, the more they have already created underlying preferences
they can fall back on when presented with limited time to make their decision (Warren et al.
2010).
Preference Formation within Groups
Furthermore, studies have shown that preferences within groups tends to become
polarized (Bixter, Trimber, & Luhmann 2017). What this means is that the preferences of
everyone within the group shifts to match that of the group. On one hand, this leads to the
phenomenon known as the “risky shift” that causes the group to come to riskier decisions and
form more polarized preference than the individual members would have otherwise formed
(Bixter et. al 2017). However, group members often learn from one another and can form
preferences that require more quantitative judgement in a more efficient time frame. Part of this
learning process comes from the tendency for group members to demonstrate their ideas to the
other members. In intellectual scenarios, minorities with a “correct” solution usually have a
greater influence than the majority with the “incorrect” solution (Aramovich & Larson 2013). In
the case of this research, there is no “correct” solution to the preferences, but there will be
members that form preferences seem more efficient and satisfying to the needs of the group. In
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these cases, members are significantly more likely to demonstrate their thought process to the
other members to ensure they understand how they reached this conclusion, which in turn results
in a more cohesive and unanimous group preference (Aramovich & Larson 2013).
However, the confidence the group gains by creation with cohesion in preference plays
into the concept of a risky shift. The formation of individual preferences, again, depends on the
context, which includes even the smallest of details in the wording of situations. With projects
that present information very mathematically in terms of potential benefits and economic and
social value, the likelihood to present payoff and probabilities as each other affects the type of
preference that is made (Müller-Trede, Sher, & McKenzie 2018). In Müller-Trede et. al.’s study,
they found that in financially based scenarios, individuals were more likely to take riskier
gambles when the outcomes were presented in the term of loss. With the presentation of potential
gains, individuals often chose the safer option, to maintain their gains; with the presentation of
potential losses, individuals were more willing to take risk to avoid further loss. While numerical
form does not form the entire context, it does pose weight in the formation of preferences, and as
previously discussed, the preference formation of an individual affects the final preference of the
group.
Decision Making and Alternatives
The necessity of understanding preference formation is that preferences lead to decisions.
Classical theory provides a simple conclusion that decisions are hedonistic in nature. Individuals
make decisions that maximize the utility to the individual and minimize consequences
(Kornhauser 2003). The decision the individual makes will need to access subjective
probabilities of what potential outcomes and consequences they think their decision would bring.
Realistically, there is the possibility that each decision satisfies a different set of preferences, but
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also that there is not a decision that satisfies all of an individual’s preferences. In these cases, the
individual would have to weigh their preferences to determine which decision provides that
maximum utility and minimum consequence (Kornhauser 2003). As with the formation of
preferences, in decision making, the preference that is most readily available is usually what the
individual considers to be the most desirable, therefore most influential in the decision-making
process (Bhatia 2018). Likewise, also as with the formation of preferences, the context affects
which preferences are most desirable in the process. Even something as simple as reaching
conclusions in the same physical location as the individual worked could trigger contextual cues
that make self-contained preferences more influential, but also more accurate to the needs of the
specific group (Bhatia 2018).
For projects that cross international borders, research has shown that individualistic and
collectivist cultures differ in the way they compare options, which leads to different decisions.
Each decision option will contain common, alignable (comparable), and nonalignable
(noncomparable) attributes (Lee & Lee 2018). Common attributes won’t affect decision making
because they are identical across all options. Alignable attributes have a common basis but will
differ across options, making them easy to compare. Nonalignable attributes don’t have
corresponding bases across option, making comparisons more difficult. Collectivist cultures
typically pay more attention to alignable attributes when making decisions, but individualistic
cultures focus more on the nonalignable attributes (Lee & Lee 2018). The independent selfconstrual tends to think analytically with a focus on crucial information, whereas the
interdependent self-construal takes into consideration the context and bigger picture. This can be
generalized as the extent to which individuals focus on concrete or abstract information.
Individualistic individuals focused more on abstract information and made decisions independent
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of context, finding deciding between nonalignable attributes more satisfying. Collectivist
individuals focused on concrete information that is context-dependent, putting more stock into
alignable attributes (Lee & Lee 2018).
The selection of these alternatives can cyclically affect the preferences of individuals.
Based in the theory of cognitive dissonance, deciding between two effectively equally preferred
options can subsequently trigger the individual by reevaluating their preferences and adjusting
the decision they made to be more positive while the option they did not choose becomes more
negative (Luo & Yu 2017). Even in the instance of false feedback, where an individual is told
they decided on something they do not remember, they tend to adjust their preferences
accordingly, so the preference associated with that decision is more positive in their mind (Luo
& Yu 2017). Individuals may even adopt the decision they were told was their own
wholeheartedly, regarding the provided choice as their actual choice. All this considered, in
collaborative decision-making processes the preferences of individuals, and consequently the
group, reaches their polarization from the reinforcement of preference (Bixter, Trimber, &
Luhmann 2017). When the group decides, the individual members become more confident in
their decision, and therefore adjust their preferences in a cyclical affirmation of their beliefs.
The aim of this research is to address preference formation. Therefore, based on an
extensive literature review, two studies were formed. The first study addresses preference
formation within group settings. The ability to understand how groups form their preferences
allows for a better prediction for how groups will make decisions within communities. The
second study continues to address how community preferences can be determined. Being able to
predict preferences within communities creates new ways of understanding how to analyze data
and present projects to relevant communities in a way that addresses their values.
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Study 1: SPORT Satellite
The first study addresses preferences in multi-stakeholder projects using the NASA
SPORT satellite project. The SPORT satellite project is a large-scale project that features a level
of complexity best served by multiple stakeholders from both American and Brazil. To
understand the decisions that will be made, it is necessary to look how the preferences are
formed by each stakeholder, which will rely on the cultural differences between American and
Brazilian organizations, as well as the roles each organization plays within the project.
The SPORT satellite will measure the conditions leading to the formation of a
phenomenon known as “spontaneous atmospheric equatorial plasma”, or more simply,
fluctuations of radio waves in solar radiated space (Bhatia, Mesmer, & Weger 2018). If
successful, the satellite would lead to the improvement of GPS communication signals. The
governments of both America and Brazil seek the economic boost an improvement of GPS
functioning would bring, a boost in reputation, as well as wanting to ensure the probability of
mission success; the industries involved seek to maximize profit; and academic fields desire the
value of the information a successful mission would bring (Bhatia et. al. 2018). The project must
take into consideration the effects that cultural differences will make regarding preference
formation and decision making in the project. The differences between individualistic and
collectivist cultures will determine the preferences formed by individuals within the project, and
therefore how these identities shape the project identity (Voyer, Kastanakis, & Rhode 2016).
Large Scale Product Design
The formation of the overall identity of the SPORT project requires the cultural identities
of both America and Brazil to balance together. The partnership formed by the two nations is
necessary to address the multi-faceted and complex nature of the project (MacDonald, Clarke, &
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Huang 2017). The value of the collective information gathered by multi-agency projects
outweighs the ease of a simple, single agency identity. However, there are certain necessities for
an effective partnership. The first of which is the basic capacity of the partnership. The
partnership gets nowhere if each partner is not able to process the other’s information, adapt,
learn from each other, and further promote the alliance (MacDonald, Clarke, & Huang 2017).
Partnerships that engage in collaborative sharing foster more positive relationships that can share
more information and align their respective goals. Secondly, the partnership must be able to have
each agency fit into the combined characteristics—each agency will have specific and unique
social and economic impacts that they must consider and align with the forming brand identity.
Although the concept of brand is more strongly associated with commercial products, the
identity of the overall SPORT project will affect the values it holds, which in turn will affect the
preferences of the agencies (Voyer, Kastanakis, & Rhode 2016). The identity will provide the
meaning of the project, but some discrepancy will arise from the differing national cultures.
American agencies will value more the uniqueness of the project and will focus more on the new
value and unique the project will bring. Brazilian agencies will value the in-group’s needs and
thus will focus more stalwartly on the overall needs of the community and project (Voyer,
Kastanakis, & Rhode 2016). The cohesion of this brand is necessary to finalizing decisions, but
cultural barriers run the risk of hindering the uniformity of the brand identity.
Hypothesis
This study aims to address how preferences are formed in groups. As discussed above,
the preferences that each group forms leads to decisions that will affect the identity of the
SPORT project and thus affect the outcome. Research has shown that the context of each agency,
and the culture that surrounds that agency, will affect the preferences that are formed by the
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agency and the individuals within. This study investigated the proposed differences between
agency preferences.
H1: There will be a significant difference in preferences between agencies.
Furthermore, based on previous research by Bhatia, Mesmer, and Weger (2018), between
these different agencies, we hypothesize that specific attributes of the satellite program will be
preferred b different agencies.
H2: Government agencies will show greater preference for the reliability and availability
of the system.
H3: Academia institutes will show greater preference for the efficacy, robustness, and
resilience of the system.
H4: Industry agencies will show greater preference for profitability, efficiency, and
maintainability of the system.
Methods
Participants
Participants were UAH students (N = 548) from undergraduate psychology and
engineering courses, with 38 exclusions due to missing data or requested exclusion. Data was
collected across the fall semester (N = 265) and the spring semester (N = 192). The percentage of
female participants was 56.1%, male participants were 43.7%, and participants of an unspecified
gender were 0.2%. The mean age was 20.8. Participants were 78.8% Caucasian, 8.3% African
American, 5.7% Asian, 3.1% Hispanic/Latino, 0.9% Native American/Alaska Native, 2.2%
Multiracial, and 0.9% of participants identified with another ethnic heritage. The percentage of
students in psychology courses was 65.5%., with 33.2% of participants from engineering
courses, and the remaining 1.3% were missing responses. The percentage of participants who
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were undergraduate students was 96.9%, with 1.5% of students as graduate students taking an
undergraduate course, 0.2% technical engineers, and 1.1% of participants in another position.
Apparatus
The survey was administered through the Qualtrics survey platform
(https://www.qualtrics.com/), which students could take from any electronic device they could
access the website from by following a link provided upon signing up for the survey. The survey
being completely digital meant that students were first presented with a consent form that
required a response to indicate consent before they could proceed with the survey. They were
presented with a page of instructions to read before they were presented with the experimental
condition randomized using the built-in randomizer in Qualtrics, which balanced for equal
representation of three conditions. Participants were also presented with a value expectation
chart to help them understand the goals of their condition (see Table 1). The survey then
presented the participants with a PERVAL questionnaire adapted to exclude questions that were
too theoretical for students not in a traditional work-team setting. Each question was ranked on a
Likert-scale ranging from (1) strongly disagree, to (5) strongly agree (Table 2). Finally, the
participants were asked to complete a demographics questionnaire, and were then debriefed with
the option to exclude their data from our experiment.
Scenarios
Each condition presented a similar scenario to participants that differed by agency
association. The scenario stated that the individual was part of a team working on a small
satellite that will be used to study a relatively unknown phenomenon in space. Participants were
informed that the project had a set deadline and a budget that could be spent on seven key
attributes of the satellite: robustness, reliability, maintainability, availability, profitability,
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efficacy, and resilience. Participants were given a brief description of each attribute to help
ensure understanding (Table 3). Depending on the condition, participants were presented with
additional information that informed them if their condition specifics (Table 4).
Measures
Project Specific Questions and Adapted PERVAL Questionnaire. Participants responded
to project specific questions regarding the perceived value of the project and quality of the
product. Participants completed an adapted form of the Perceived Value scale (PERVAL)
developed by Sweeney and Soutar (2001) which used a 5-point Likert-like scale, with 1
representing “strongly disagree” and 5 representing “strongly agree.” The overall reliability had
an alpha score of .96, with scores for the four factors ranging from .80 to .94, and convergent and
discriminant validity were supported (Sweeney & Soutar, 2001).
Design
The study was a 3x1 between-subjects design, with the condition of agency association
(government (NASA engineer), academia (ITA engineer), and industry (design engineer)).
Procedure
Participants either signed up for the survey through the psychological platform SONA or
requested the survey link from their engineering professor and were provided with up to a week
to complete the survey on their own time. The survey consisted of 66 questions. Participants
were allotted 60 minutes to complete the survey, however, the average time taken to complete
the survey was 20 minutes
Statistics
Once the survey was closed, the results were exported to SPSS. SPSS was used to
analyze the frequencies and descriptives of the demographic information. Independent
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nonparametric analyses using the Kruskal-Wallis measure were used to determine the
significance of each questions’ response.
Results
The fall semester data resulted with five significant results that support our primary
hypothesis that agency preferences will differ. The question “profitability would be important to
the specific part of the system I am working on” resulted with the government condition with
mean, x = 3.51, x2 = 1.10; academia with mean x = 3.33, x2 = 1.13; and industry with mean,
x = 3.06, x2 = .976, rejecting hypothesis 4 that industry would show the greatest preference for
profitability. The question “the overall system’s cost would be important to me” resulted with the
government condition showing mean, x = 3.99, x2 = .901; academia with mean x = 3.60,
x2 = .974; and industry with mean, x = 3.68, x2 = .885, also rejecting hypothesis 4. The question
“please rank efficiency as according to the importance you feel they would have” resulted with
the government condition showing mean, x = 3.85, x2 = 2.03; academia with mean x = 4.40,
x2 = 2.07; and industry with mean, x = 3.52, x2 = 2.06, which supports hypothesis 4. The
question “the budget allotted to the project would be reasonable” resulted with the government
condition showing mean, x = 3.44, x2 = .806; academia with mean x = 3.27, x2 = .735; and
industry with mean, x = 3.53, x2 = .810, which rejects hypothesis 4. Finally, the question “I feel I
would know what my responsibilities with regards to this project are” resulted with the
government condition showing mean, x = 3.93, x2 = .806; academia with mean x = 3.27,
x2 = .577; and industry with mean, x = 4.10, x2 = .654. This question was a litmus test for
participant understanding. The spring semester data only had one significant response. The
question, “the benefit to my organization’s reputation would outweigh the cost of the project,”
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resulted with government with the mean, x = 3.36, x2 = .965; academia with mean, x = 3.75,
x2 = .884; and industry mean, x = 3.67, x2 = .896, continuing to reject hypothesis 4.
The combined sample only resulted in two significant responses. The question, “I would
be excited about this project” resulted with government with the mean, x = 3.90, x2 = .904;
academia with mean, x = 3.83, x2 = .877; and industry mean, x = 3.61, x2 = .966. The question,
“explanation would be clear of what is to be done with regards to the project” resulted with
government mean, x = 3.74, x2 = .776; academia with mean, x = 3.94, x2 = .868; and industry
with mean, x = 3.87, x2 = .819. Both questions measured participant feelings towards their
understanding of the project.
For the fall semester, the Kruskal-Wallis tests indicated there was a significance
difference of the medians for the question, “profitability would be important to the specific part
of the system I am working on,” X2(2, N = 265) = 7.79, p = .020. Because overall results were
significant, pairwise comparisons among the groups were considered. The results indicated that
one of the three pairwise comparisons were significant. There were no differences between either
conditions Academia-Industry or conditions Government-Academia, but there was a significant
difference between conditions Government-Industry (p = .019). The Kruskal-Wallis test also
indicated a significant difference of medians for the question, “the overall system’s cost would
be important to me,” X2(2, N = 265) = 9.024, p = .011. The results showed that one of three
pairwise conditions were significant. There was a significant difference between conditions
Government-Academia (p = .013), however, there were no significant differences between
Academia-Industry, or Government-Industry. There was a significant difference of the medians
for the question, “please rank efficiency as you feel the importance it would have; (1) being the
most important and (8) being the least important,” X2(2, N = 265) = 7.93, p = .019. Furthermore,
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one of three pairwise comparisons were significant, between Academia-Industry (p = .016),
where there was no significant difference between Government and Industry and Government
and Academia (see Figure 1). The question, “the budget allotted to the project would be
reasonable,” X2(2, N = 265) = 6.78, p = .034. Results showed one of three comparisons were
significant, between Academia-Industry (p = .030), whereas there was no significant difference
between Government-Academia nor Government-Industry (see Figure 2). Finally, there was a
significant difference of medians for question “I feel I would know what my responsibilities with
regards to this project,” X2(2, N = 265) = 6.19, p = .045. However, there was no significant
pairwise comparisons. For the spring semester’s data, analysis showed the question, “the benefit
to my organization’s reputation would outweigh the cost of the project,” was significant,
X2(2, N = 192) = 6.395, p = .041, with no significant pairwise comparisons (see Figure 3).
For combined data, Kruskal-Wallis analyses showed the question, “I would be excited
about this project” was significant, X2(2, N = 458) = 7.946, p = .019. Further analysis showed
one significant pairwise comparison between Industry-Government (.020). There was a
significant difference for question, “explanation would be clear of what is to be done with
regards to the project,” X2(2, N = 458) = 6.708, p = .035, with a significant pairwise comparison
between Government-Academia (.040).
Study 2: AAS Conference Analyses
The Decadal Survey is conducted by the United States National Academies and is a
summary of opinions from individuals in the Astronomy community, used to recommend the
next decade of prioritized astrophysics missions and activities. From a system’s engineering and
psychology perspective, the Decadal Survey process is interesting due to the: large and diverse
community being sampled, the diverse preferences, and the group interactions that result in a
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common voice. When preparing input to be reviewed in such a process, it is important to
recognize and understand both individual factors, as well as group factors. By understanding
these dynamics, it is possible to better predict the outcome.
Community Preferences
The preferences of the community differ from group preferences by scale. Community
preferences cannot be formed through consensus in the same way as within a team-level group.
Although the same principles apply, with demonstration and polarization bearing weight within
communities, all members of a community cannot discuss information and come to a community
decision. Instead, communities are made up of numerous groups with their own values, and
decisions that are made reflect the most common and strongest values. Researchers Shackley and
Donaldson (2002) addressed this concept using willingness-to-pay (WTP) scales for program
funding. The WTP scales were intended to narrow in on preferences between programs, thus
indicating the preferences of the community. They found that approaching community
preferences with a marginal approach lessened the amount of preference reversals, thereby
indicating a stronger tendency to reflect actual community preferences. This is important to
address because the nature of eliciting community preferences can be difficult. One must bypass
the acknowledgement of communities that multiple aspects are important to reveal actual
preference formation.
Hypothesis
This study aims to address how preferences are formed within communities. The decadal
missions NASA support rely on community input to determine which missions are most
prioritized by the astronomy community. The research indicates that community preferences are
harder to pinpoint than simple group preferences because of the scale differences. This study
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proposes that there will be significant differences of preference within the astronomy
community.
H1: There will be a significant difference between community preferences.
Methods
Participants
Participants were members of the astrophysics community (N = 322), comprises of
participants attending the June 2018 AAS conference in Denver (N = 109), and January 2019
AAS conference in Seattle (N = 213) from various backgrounds, with 57 exclusions due to
missing data or requested exclusion. The percentage of female participants was 39.4%, male
participants were 58.4%, participants of an unspecified gender were 0.9%, and 1.2% of responses
were missing. The mean age of participants was 35.53. Participants were 71.7% Caucasian, 2.5%
African American, 10.9% Asian, 5.9% Hispanic/Latino, 0.6% Native American/Alaska Native,
4.7% Multiracial, 0.6% of participants identified with another ethnic heritage, and 2.8% of
responses were missing. The percentage of participants who were placed in Condition 1
(Industry) was 23.9%; 5.9% of those participants were technical engineers, and 8.7% were in
management positions. 27.3% of participants fell under Condition 2 (Academia); 5.0% on
tenure-track and 11.8% already tenured. 46.3% of participants were placed in Condition 3
(Undergraduate/Graduate Students); 18.9% of which were undergraduate students and 20.8% of
which were graduate students. 13.4% of participants identified as other, however during data
cleaning many were sorted into the standard conditions, leaving only 1.2% of participants in the
other condition (e.g., reporter, retired). 1.2% of participants were also missing.
Questionnaire Development and Set Up
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The study of community preferences for the next decade resembled a survey design. For
the development of the survey research a six-step process was followed. (1) Conceptualization of
the survey; (2) Design and obtain Institutional Review Board (IRB) approval; (3) Testing; (4)
Revision; (5) Data collection; and (6) Data monitoring and evaluation. The surveys aim was to
gather data to enable the formation of preferences and value functioning resulting in a better
understanding of the community likings regarding the next decade. During the first step, the
researchers collaborated with subject matter experts from NASA to provide first input on the
Decadal Survey to define the survey questions terrain. This resulted in concrete and quantifiable
concepts that were identified and translated into questions. From the original set of questions that
made up the survey, questions were refined and revised by the research team (i.e., following step
2, 3 and 4). The questionnaire combined scale questions (e.g.: Likert Scale, etc.) and open-ended
questions to capture the preferences of the community for the new Decadal election, the
perceived value added or subtracted for certain missions (e.g., flagship versus probe class
missions), and the professional risk attitude of the respondents, which are a deciding factor for
the Decadal Survey. The questionnaires enabled responses to be gathered from large numbers of
AAS community members quickly, and cost efficiently.
Procedure
Participants were selected by convenience sampling as researchers approached members
of the community during the conference to request participation in the survey, completed
immediately with tablets the researchers carried. The survey presented in January consisted of 39
questions, while the survey in June consisted of 45 questions. Between the two conferences, 6
additional questions were added to assist in value modeling used in a different study not
discussed here. Participants were allowed as much time as needed to complete the survey.
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Although condition specifications were pre-determined, participants were not presented with a
condition and instead the conditions were derived from the responses to a demographic question
regarding the position that the participant held; participant responses were valued for real
experience.
The survey was administered through the Qualtrics survey platform
(https://www.qualtrics.com/), which participants accessed through either a tablet or laptop device
at the AAS conference in June 2018, Denver Colorado and at the AAS conference in January
2019, Seattle Washington. At the AAS Conference in June, an Imposter was associated with the
survey to inform participants about the research intent and was used to promote the study.
Participants who were not willing to complete the questionnaire at the time were given a
business card with a specific link to the survey, so that they could completing the survey on their
own time. The survey being completely digital meant that participants were first presented with a
consent form that required a response to indicate consent was given for their participation before
participants could proceed with the survey. The survey then presented the participants with 38
closed and open-ended group preference questions. At last, participants were asked to complete a
post task questionnaire that was used to gather information on demographics (age, sex, ethnicity)
and other information such as past experiences (i.e. past work on missions that have flown) and
were then debriefed with the option to exclude their data from the survey. All participants were
given the same survey with no time limit to complete it. The total survey time was approximately
10 min. To eliminate respondent bias, a script was used to ensure technicians would provide the
same information to all participants. At the AAS conference in January, researchers approached
participants directly to request participants, who were presented with the survey plus the
additional six sliding value questions.
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Measures
Survey questions that were designed together with an Expert Team from NASA related to
the upcoming Decadal Survey (Table 5).
Preference Survey. Participants were asked to provide their preference score for the
Decadal Survey. Participants were given a 5-point scale, where 1 = ‘strongly disagree’, and 5 =
‘strongly agree’. After the closed-question survey, participants were asked to provide remarks,
enabling them to explain in more detail what and why they preferred certain decadal mission
aspects over others (e.g., importance of future flagship mission compared to a probe class
mission). Participants were not forced to provide an explanation. See Table 4 for example
questions.
Design
The study was performed as a 3x1 between-subjects design, with sorted conditions of
agency association (Industry, Academia, and Undergraduate/Graduate Students). The conditions
were pre-determined, but designated based on responses given by participants within the
demographic questionnaire.

Condition

Response

Industry

Management, engineer

Academia

Tenure-track, tenured

Undergraduate/Graduates

Undergraduate, graduate, high school student

Other

Reporter, retiree

Qualitative Data Coding
Once the data from the survey was collected, the analysis of the qualitative data followed
an open coding process: de-contextualization, recontextualization, identification of categories
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and compilation of categories to draw conclusions (Saldaña, 2009). The qualitative data refers
specifically to the open-ended questions in the survey. Two coders were trained in analyzing the
data of the open-ended questions. In the process coders had to first transcribe and read the data
by breaking the data into meaningful units. Category codes and original text were compared to
ensure selected codes were the most pertinent to the data. The codes and the units were then
categorized to inform an overall thematic concept. Conclusions could then be drawn from the
results of the previous stages.
The coding method extracted similar topics that were given as response by the
participants. Participants were asked to answer eight open ended questions that lead to a total of
796 responses. From the responses, topics were then classified into similar categories generating
24 classifiers. Each question classifiers varied from their respective responses such as; scientific
return, further exploration, wavelength coverage, flagships, and so forth. Some open-ended
questions resulted in more classifiers than others due to the wide variety of responses. A
description of each code is presented below (See Table 6). The descriptions shown were used by
the coders in their coding process. Keywords that were strong indicators for the codes were also
included. Classifiers responses were then tallied, and frequency determined.
Statistics
Once the survey was closed, the results were exported to SPSS. SPSS was used to
analyze the frequencies and descriptives of the demographic information. Independent
nonparametric analyses using the Kruskal-Wallis measure were used to determine the
significance of each questions’ response. Differences between conditions and conference dates
were compared.
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Results
Within the June sample, there was only one question with significant results. The
question “my personal preferences align with more than 80% of the astronomy community”
resulted with the industry condition with mean, x = 2.94, x2 = .684; academia with mean,
x = 3.08, x2 = .484; and undergraduate/graduates with mean, x = 2.70, x2 = .599. Within the
January sample, there were three questions with significant results. The question, “the mission’s
cost is important to me” resulted with industry with mean, x = 2.29, x2 = .9.29; academia with
mean, x = 2.35, x2 = .925; and undergraduate/graduates with mean. x = 2.74, x2 = .998. The
question, “I am willing to accept programmatic risks in a probe class mission” resulted with
industry with mean, x = 1.95, x2 = .740; academia with mean, x = 2.06, x2 = .674; and
undergraduate/graduates with mean, x = 2.3, x2 = .821. Finally, the question “I am willing to
accept technical risks in a probe class mission resulted with industry with mean, x = 2.02,
x2 = .821; academia with mean, x = 2.06, x2 = .765; and undergraduate/graduates with mean,
x = 2.67, x2 = 1.08.
The combined sample also resulted with three significant questions. The first was in
common with the June sample, “my personal preferences align with more than 80% of the
astronomy community” with industry seeing mean, x = 2.86, x2 = .746; academia with mean,
x = 2.91, x2 = .721; and undergraduates/graduates with mean, x = 2.64, x2 = .679. The second
two questions were in common with the January sample, the first of which the question was, “the
mission’s cost is important to me” with industry with mean, x = 2.32, x2 = .924; academia with
mean, x = 2.49, x2 = .884; and undergraduate/graduates with mean, x = 2.74, x2 = .987. The final
question was, “I am willing to accept technical risks in a probe class mission” with industry
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showing mean, x = 2.21, x2 = .848; academia with mean, x = 2.17, x2 = .847; and
undergraduates/graduates with mean, x = 2.63, x2 = 1.036.
Kruskal-Wallis nonparametric tests were run to compare the data. The June survey only
resulted in one significant response. The question, “my personal preferences align with more
than 80% of the astronomy community” found significant results, X2(2, N = 109) = 7.174,
p = .028. Within this result, there was one significant pairwise comparison between
Undergraduate/Graduates-Academia, (p = .035) (see Figure 4). The January survey had three
significant responses. There was a significant difference for the question “the mission’s cost is
important to me,” X2(2, N = 213) = 7.792, p = .020, however no significant pairwise comparisons
were found. The question “I am willing to accept programmatic risks in a probe class mission,”
found significant results, X2(2, N = 213) = 7.820, p = .20, also without significant pairwise
comparisons (see Figure 5). Finally, responses to “I am willing to accept technical risks in a
probe class mission” was found to have significant results, X2(2, N = 213) = 18.545, p = .000,
with two significant pairwise comparisons. The first was between Industry and
Undergraduate/Graduates (p = .003), and the second was between Academia and
Undergraduates/Graduates (p = .002) (see Figure 5).
The combined data also showed three significant responses. There was a significant
difference overall for the question, “the mission’s cost is important to me,”
X2(2, N = 322) = 9.782, p = .021, which also found a significant pairwise comparison between
Industry-Undergraduate/Graduates, (p = .017) (see Figure 6). The question, “I am willing to
accept technical risks in a probe class mission,” showed a significant response,
X2(2, N = 322) = 15.083, p = .002. This question also showed two significant pairwise
comparisons. The first was between Academia-Undergraduate/Graduates, (p = .004) (see Figure
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7); the second was between Industry-Undergraduates/Graduates, p = .021. Finally, there was a
significant response to “my personal preferences align with more than 80% of the astronomy
community,” X2(2, N = 322) = 8.633 (p = .035), and a significant pairwise comparison between
Undergraduate/Graduates-Industry (p =.047) (see Figure 8).
Quantitative Descriptive Analysis
A descriptive QDA (Quantitative Descriptive Analysis) was applied to assess the
questions by classifying preferences. Each of the question statements were assessed twice by
research assistants to ensure inter-rater reliability. These research assistants were trained
extensively in classifying and assessing the preference aspects entailed in each question and
statement.
Classifier

Number of answers falling under classifier

Further Exploration

49

Scientific Return

45

Science Innovation

43

Resolution (Of various types)

32

Flagships

30

New Lifeforms

22

Advance Technology

19

Probe Class Missions

17

All Important

16

UV

16

Wavelengths

16

Data Collection

14

Extend the Spectrum

8

26

Costs

8

Exoplanet Research

7

Increased Sensitivity

7

Max Results, Low Risk

7

Durability

4

Most Efficient/Results

4

Public Appeal

2

Preference of Others

2

Time

2

Family

1

No Preference/Answer

425

Overall, open-responses indicated a strong desire for scientific return and concepts that
would best accommodate scientific return (Table 7). Open-responses were not forced, so there
were many participants who did not provide any response at all. Regardless, participants
indicated a preference for further exploration and exoplanet research when asked “what primary
science would you like to see a future NASA astrophysics observatory address” (see Figure 11).
Responses to the item, “what do you value most with regards to mission concept for the Decadal
consideration” showed scientific return and innovation as overwhelmingly important (Figure 12).
When asked, “what do you think the astronomy community values most with regards to the next
Decadal mission,” the highest number of participants did indicate scientific return, next listing
exoplanet research before science innovation and further exploration (Figure 13). These results
support our hypothesis that community preferences will differ.
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Discussion
Study 1
The results, by large, did not support our hypotheses. Only five questions supported our
first hypothesis that there would be a significant difference in preferences between agencies. The
first question, “profitability would be important to the specific part of the system I’m working
on,” doesn’t support our secondary hypothesis that industry would have the greatest preference
for profitability, as can be seen that the government condition showed the greatest preference
towards profitability, the descriptives implying that industry would have the least preference for
profitability and supported by the pairwise difference. The second question, “the overall system’s
cost would be important to me,” also does not support out secondary hypothesis that the
profitability would be most preferred by industry. Again, government showed the greatest
preference towards cost, however there was no significant difference of means between
government and industry. This implies that industry does hold a greater preference, but the
results did not show industry holding the greatest preference. The third question, “please rank
efficiency as you feel the importance it would have,” also does not support our secondary
hypothesis that industry would show the greatest preference. Academia provided the greatest
preference for efficiency, significantly greater than industry as shown by the pairwise
comparisons. The fourth question, “the budget allotted to the project would be reasonable,” does
support our secondary hypothesis of industry having the greatest preference for profitability.
Industry showed the greatest preference towards the monetary value, falling under profitability.
The comparison of means showed a significant difference between industry and academia.
Finally, the fifth question, “I feel I would know what my responsibilities with regards to this
project are,” was significant, but without any significant pairwise comparisons. The purpose of
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this question was to address participant’s perceived understanding of the group preferences
would be. The data from fall semester supports the tendency for groups to polarize (Bixter,
Trimber, and Luhmann 2017). While the results were not as robust as hoped for, there was
indication that significant group differences were present, even in a theoretical degree, showing
that participants understood that preferences would need to shift towards the group’s benefits.
The spring semester data’s question, “the benefit to my organization’s reputation would
outweigh the cost of the project,” showed that participants in the academia condition felt they
would have the highest benefit, while the government condition felt they would receive the least.
This supports our secondary hypothesis that academia would hold the greatest preference for the
efficacy of the satellite, shown by the belief in the greatest benefit in relation to cost.
Appreciation of benefits and risk related directly to the utility theory presented by Kornhauser
that states groups make decisions based on maximum utility and minimum consequences
(Kornhauser 2003). This can be applied to academia because academia relies less heavily on cost
as industry and government, therefore seeing the theoretical value as more significant.
The combined data’s first question, “I would be excited about this project” shows the
government condition as most convinced they would be excited about the project, significantly
more so than the industry condition. This contradicts the spring data’s analysis that shows that
the government would receive the least benefit in relation to the cost of the project, however the
influence of the fall data could explain the contradiction. The second question, “explanation
would be clear of what is to be done with regards to the project” showed the academia condition
as most confident in their understanding, with government as least, and a significant difference
between these two conditions. Neither of these questions address a secondary hypothesis directly
but tested the participants perceived understanding of their roles.
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One of the major limitations to our research was that participants were pulled from
undergraduate university classes instead of actual workplace environments. Questions may have
been presented to students hypothetically, under the premise of certain organizations, with efforts
to explain to students what values their organization should have, but participants were still
required to make value judgements of stimuli that were unfamiliar to them. Supporting this
assumption, some participants provided feedback that confirmed they had difficulties
remembering what values their organization should hold, and what their role in the survey was
intended to be. Furthermore, with most participants being in undergraduate psychology courses,
the specificity of some questions regarding engineering attributes may have been difficult for
participants who were not involved in the engineering field or higher engineering courses,
despite our efforts to tailor the questions for readability. Therefore, it is possible that participants
simply did not fully understand what they were evaluating, or that participants evaluated
questions based on personal values because they experienced difficulties remembering the
hypothetical values their organization should hold. The importance of familiarity is supported
strongly by the literature through aspects such as context, perceived complexity, and heuristic
thinking (Warren et al. 2010; Bhatia 2018).
Future research on preference formation should also investigate the formation of
preferences in a global scale of international project designs. Understanding how preferences are
formed within agencies is the stepping stone to understanding how multi-agency teams form
their ultimate preferences and goals. Being able to understand how these international teams
form and evaluate their preferences holds potential for easing the combination of multiple
agencies in a way that adapts to cross-national values and allows for communication and support.
As with the discussion of large-scale product design earlier, the ability for multiple teams to
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communicate effectively is integral to the success of the project, and by understanding how these
preferences come together, the process may be able to act more efficiently (MacDonald et al.
2017; Voyer et al. 2016). Naturally, this would allow more time to focus on the project itself in a
cohesive manner and improve the chances of project success.
Study 2
As with Study 1, most questions did not support our hypothesis. Even combined, only
four out of final forty-five questions showed any significant difference. However, for those that
did, they showed an interesting tendency to differ between the undergraduate/graduate
community and the other communities, usually between the industry community specifically. For
June, the single significant question, “my personal preferences align with more than 80% of the
astronomy community” indicated that the undergraduate/graduate community was most likely to
think their preferences were that of the communities, followed by industry, and finally by
academia. While the academic community’s average response was only neutral towards
community preferences, it was significantly less confident than the undergraduate/graduate
community. Within the January study, the question “the mission’s cost is important to me” saw
industry as most invested in the mission cost, while the undergraduate/graduate community was
less invested, however, their preferences did not align to create any specific pairwise
comparisons. Additionally, the responses still showed an overall agreement to the statement. The
question, “I am willing to accept programmatic risks in a probe class mission” also resulted with
industry showing the strongest alignment, therefore most likely to accept the programmatic risks,
and the undergraduate/graduate community as least likely to accept these risks. There was an
overall agreement, but industry strongly agreed with the statement, showing more confident
responses than the other communities, who only generally agreed. The question, “I am willing to
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accept technical risks in a probe class mission” showed the same tendency for industry to be the
most willing, and the undergraduate/graduate community to be the least willing, the overall
results still representing an overall willingness to accept the risks. In this question, there was a
significant pairwise difference between the undergraduate/graduate community and both industry
and academia.
The combined data resulted with three questions that supported our hypothesis, all of
which appeared in either the June or January study. The question, “my personal preferences align
with more than 80% of the community” saw the undergraduate/graduate community, again, most
likely to believe their preferences were most popular and academia least likely to believe, with
general agreement. Despite this, only the undergraduate/graduate community and industry had a
significant pairwise difference. The second question, “the mission’s cost is important to me”
continued to show industry as most invested and the undergraduate/graduate community least
invested, with a consensus of agreement. Unlike the January study, the combined data indicated
a significant pairwise difference between industry and the undergraduate/graduate community.
Finally, the question, “I am willing to accept technical risks in a probe class mission” changed to
where academia was most willing to accept risks, but the undergraduate/graduate community
was still least likely to do so. Like the January study, the undergraduate/graduate community
showed a significant difference between both the industry and the academic community.
The tendency for the undergraduate/graduate community to differ from the other
communities in this way indicates that the formation of preferences in the community rely on
different values derived from context and personal desires (Warren et al. 2010). The tendency to
be closer aligned to the academic community rather than the industrial community reflects the
closer nature between academic faculty and students, and the thereby also the larger gap between
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the student community and industry. An explanation for these differences could be that unlike
both the academic community and industry, students do not hold specific investments within the
decadal missions. When asked to present preferences, the idealistic preferences of students stand
out from the professional tendency to approach preferences from a marginal view (Shackley &
Donaldson 2002). Industry’s willingness to proceed with risks reflects the important of costs in
that industry is most invested in the lowest cost, even if some risks are involved. Their
preferences may be stronger than the academic community because they are directly tied to the
production rather than conception, therefore have a greater investment in cost and a better
understanding of how the costs tie in with the risks (Müller-Trede, Sher, & McKenzie 2018).
Academic communities still hold specific investments, though, in the decadal missions that will
provide information most suitable for their personal research foci. Another explanation is that the
undergraduate/graduate community is simply more idealistic than the other communities.
Responses indicated that the astronomy community valued concepts such as further exploration
and innovation, which represents idealized astronomical concepts that are more conceptional,
rather than being related to specific goals like durability, or probe or flagship missions. Without
the professional experience in either the industry or the academic community, their preferences
align with an idealized version of what the astronomy community prefers, indicated by their
beliefs that they represent the majority opinion of the community more so than the professional
sphere. This ties back to specific investments, where the professional sphere seems to have a
better understanding of the actual limitations of what they are capable of, the steps by which they
get there, and the difficulties in getting projects accepted, funded, and executed within budget
and time risks (Müller-Trede, Sher, & McKenzie 2018).
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A limitation of this study was the method of participant selection. Because researchers
approached potential participants by convenience sampling within a conference, there was a
likelihood for potential participants to decline participation. There was also a general impatience
for participants who did agree. Bluntly stated, the length of the survey took time away from
participants’ ability to enjoy the conference they were attending, and many were eager to finish
so they could return to the poster presentations and booth displays. Because of this general
impatience, there is a chance that responses were hastily made by relying on instinct, which has
value in lacking overthinking, but may show a difference between responses if participants had
taken more time or did not feel as if the survey was keeping them from the conference. Another
limitation was that there was no guarantee that the ultimate conditions by which data was
analyzed was evenly distributed, reflected by approximately half of the participant base being
within the undergraduate/graduate community. Relying on actual occupation meant that
researchers could not force even distribution, however, the data reflects actual community
preferences rather than theoretical preferences.
Further research should attempt to streamline the survey to provide valuable data while
still providing valid responses because of the potential impatience factor in approaching
participants during a conference. Approaching participants directly is more likely to result in
timely responses because the response must be given in the moment rather than an email that can
be pushed off, but the desire to return to the conference meant participants were taking the
survey during conference times, taking away from a finite time rather than their own free time
where they do not hold other investments. If possible, future research should strive to provide
more even distributions between the conditions. Within the attended conferences, this proved to
be more difficult in that the student population showed a more apparent willingness to participate
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in research while the professional communities were more invested in the conference as a
professional level rather than ideological. Moreover, with a convenience sample, researchers
cannot control which condition participants will fall under, so there is a certain degree in
improbability in expecting evenly distributed responses.
General Discussion
The comparisons between Study 1 and Study 2 confirmed one of the proposed limitations
that we believed we could have in Study 1. Due to the requirements of students approaching
government and industry perspectives while lacking real professional experience, therefore
proper context, their beliefs did not align entirely with real world responses (Warren et al. 2010).
Students were only able to address scenarios in the way they thought that their agency condition
would act, but as was seen in Study 2, undergraduate and graduate students held more
ideological values that differed significantly from the professional sphere. Study 2 indicated the
potential that students approached their preferences from an ideological standpoint rather than
based on professional experience. Of course, this reflects the fact that students simply do not
have professional experience, given the astronomy field requires a level of education and field
experience that students cannot possess. Unlike people in professional fields, whose preferences
will align with what is needed for their personal investments and projects, undergraduate and
graduate students generally approach the astronomy community with idealized preferences. This
provides more robust support for utility theory by providing evidence that context specificity
requires preferences to be made while acknowledging risks and consequences (Kornhauser
2003). Although, as indicated in Study 1, students did acknowledge agency preferences enough
to result in significant differences, even from a theoretical perspective. Their tendencies to reflect
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that the industrial community places a higher value on monetary variables is reflected in realworld scenarios because of the necessary focus on cost in the community.
The differences between the survey contents, though, means the two studies cannot be
directly compared practically, so all comparisons are made theoretically. The Decadal Survey
addressed the preferences relating to selection of multiple projects rather than trying to determine
preferences within a singular, specific project. Trying to elicit attribute preferences in a
community holds less value because of the multitude of potential projects that each community
addresses, and the needs of each project. The decadal projects differ in type and purpose,
therefore differ in the balance of attributes needed, unlike the SPORT survey which addressed
the common needs of one satellite. Within each community, members would have investments in
different projects and each project would require a different balance of attributes, leaving
comparisons between communities less coherent and subjective to concepts such as WTP scales
(Shackley & Donaldson 2002). Despite the lack of ability to compare directly, the two studies
complement each other in providing stepwise analysis into preference formation. Study 1
addresses the preference formation within specific groups, and how those preferences are
determined through differing values. Study 2 addresses the preference formation within
communities, which reflects the combined preferences of the groups each community is
comprised with. Although groups within a community cannot discuss their preferences in length
to reach a conclusion specific enough to say their community prefers a narrow preference, there
are general trends that appear within communities that are reflected in the survey.
Practical applications of these studies reflect the need of specific groups to predict
preferences within their relevant communities. Academic communities and industrial
communities that want a better ability to gain approval and therefore funding would benefit from
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the ability to poll and predict what preferences communities tend to form. From an advertising
perspective, this allows them to tailor pitches and presentations of their project in a way that
addresses the values of each community to better reflect what the communities will look for with
their project. For example, a project like SPORT has set parameters that are important to express
in whole but going into detail about cost by explaining why the overall budget is necessary will
be more valuable when presenting to industry, while providing more detail on risk may be more
interesting to academia because they are less likely to value taking those risks.
Expansions of this project can be generalized to other projects outside of the astronomical
community. Any community that requires funding benefits from the ability to predict community
preferences. Limited resources require that projects from any community need to be valuable. In
the astronomy community, this deals with practical value and cost because of the nature of how
expensive astronomical projects tend to be. Fields such as psychology would benefit from
understanding how communities determine value preferences to determine what information is
relevant and novel. Even within consumer organizations, understanding how consumer base
communities such as generation differences and background form their preferences could
educate advertising teams on how to present their product to maximize scales.
Conclusion
The value of these studies is the ability to determine a way to predict preferences within
communities. As discussed, predicting preferences allows specific projects or groups to
understand what they must focus on within the whole of their information to best appeal to
different communities. The research indicates that different weights should be given to
information when presenting a project, however this does not mean that information should be
ignored or withheld because it is not preferentially relevant. It is not valuable to spend resources
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and time going into explicit detail on every aspect of a project when the specific detail is
irrelevant to communities, but holistic presentations of the information should be provided.
Addressing what communities value allows projects to hold interest, and hone in on what matters
to the community while still providing a holistic presentation to the level the community will
value.
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Appendix
Table 1.
Organization
Design Engineer in
Industry

Technical Institute
for Astronauts

NASA Engineering

Project Fails

Project Modest
Success
Your company may
be asked to work on
similar projects
again. You keep
your job.

Project Very
Successful
Your company will
Your company will
not be asked to work
be one of the top
on similar projects
choices for working
again. You will lose
on future
your job. The
projects. Their stocks
company’s stock
will be more
market value will
valuable. You will
drop.
receive a raise.
Your university will
University will
University will
lose prestige
continue to work with increase its
(decrease in national NASA. You may
participation with
ranking) and will find write a journal article NASA. Several
it harder to acquire
and receive some
journal articles will
money and
fame for your work.
be written. You will
partnerships with
be asked to speak at
NASA in the future.
many academic
conferences.
NASA will receive
NASA continues
NASA receives
less funding in the
operations as normal. additional funding
federal budget. The
from congress and
future of science and
continues operations
technology in the
as normal. You may
United States may
be requested to speak
come into
at academic
question. China
conferences; your
becomes the strongest
association with this
world power.
project guarantees
more pay if you
choose to move to the
private sector.
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Table 2.
Example Questions
Efficiency- The thing of interest produces the desired results with lesser expenditure of
resources compared to competing alternatives.
Efficiency would be important to the specific part of the system I am working on.
The overall system's cost would be important to me.
Mission refers to the tasks that the system performs after development.
How important would the system's mission success be to me?
I would be satisfied with my responsibility in this project.
I feel I would be willing to put forth effort into this project to advance my career.
Table 3.
Robustness

Affects how well the satellite operate in the changing conditions in space

Reliability

Affects the likelihood the satellite will suddenly stop working

Maintainability

Affects the ability to adjust the satellite when it is in space

Availability

Affects how much energy and mass the satellite requires and uses

Profitability

Affects the scientific or monetary benefit achieved for the satellite

Efficacy

How well the satellite performs its tasks

Resilience

Affects the ability of the satellite to recover from harmful situations

Table 4
Condition A: Government

Condition B: Academia

Condition C: Industry

As a NASA engineer you are
working on project
management (including
schedule, budget, etc.), you
must lead the project
participants through the
engineering and divide the
project’s budget.

As an engineer for the
Technical Institute for
Astronauts (ITA) in Brazil,
you are working on the
putting the system together,
ensuring all parts of the
system, made by other
participants in the project,
work together to meet system
goals.

As a Design Engineer in
industry you are working on
the probe used to measure the
plasma events, you must
integrate your probe with the
rest of the satellite which is
being developed by the other
participants in the project.
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Table 4.
Example Likert-scale Questions
A particular flagship class mission is important to me
I am willing to accept programmatic risks (such as risks concerning scheduling, contracts,
budgets, etc.) in a probe class mission
Assuming technical complexity is directly proportional to scientific capability, it is more
important to have a less complex/less capable flagship class mission than a highly
complex/highly capable flagship class mission.
I prefer a balanced program (with respect to risk, capability, and cost) with multiple class
missions across astrophysics.
It is important to launch a Decadal mission within the decade the mission is selected even if
programmatic risk is increased to do so.

43
Table 5.
Classifier

Definition

Further Exploration

The process of exploring more into space

Scientific Return

The product quality of conducting scientific research

Science Innovation

New methods, ideas, products, etc.

Resolution

Enhancing the smallest interval measurable by a scientific instrument

Flagships

Costliest and most capable NASA Science Spacecraft

New Lifeforms

Finding Life in Space

Advance Technology

Making improvements on existing or previous technology

Probe Class Missions

Smaller, lower cost missions, smaller satellites

All Important

Everything is important

UV

Ultraviolet

Wavelengths

Enhancing Wavelength technologies

Data Collection

Retrieving Data

Extend the Spectrum

Push boundaries within the company

Costs

An amount that must be paid

Exoplanet Research

Investigation of planets other than Earth

Increased Sensitivity

Ability to indicate slight changes which affected by external forces

Max Results/Low Risk Being able to get higher margins without risk
Durability

The ability to withstand wear, pressure, or damage

Most Efficient/Results

Higher efficiency = better results

Public Appeal

Taking opinion of the public into

Preference of Others

Considering other opinions

Time

Consideration

Family

Outside of work life

No Preference/Answer Question was not answered

44
Table 6.
What do you value the most with regards to a mission concept for the next Decadal
consideration?
Scientific
Scientific
Further
Telescope
Wavelength Equipment Exoplanet
Return
Innovation Exploration
Research
8.8
7.7
7.4
7.1
6.6
6.4
5.9
What do you think the astronomy community values the most with regard to the next
Decadal mission?
Scientific
Data
Exploration Wavelength Time
Facilities Cost
Return
Collection
coverage
8.5
7.8
7.5
6.9
6.2
6.1
5.6
In light of different decadal concept studies, what capabilities of future astrophysics
missions are desired?
High
Increased
Full multi- Exploration Durability Origins of
Resolution
Sensitivity wave
of Science
Life
Spectroscopy
Coverage
7.7
7.3
7.1
7.1
6.9
6.3
In which ways, if any, should NASA astrophysics flagship observatories complement
other missions?
Wavelength
Extend the Resolution Results and Flagship
Coverage
Spectrum
Minimum
Lead to
risks
Probe
7.7
7.6
7.3
6.5
6.1
What primary science would you like to see a future NASA astrophysics observatory
address?
Science
High
UV
Time
Public
Resolution Astronomy
Appeal
7.9
7.6
6.7
6.45
5.9
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Figure 1. A bar chart depicting the frequency distributions of the question, “please rank
efficiency as according to the importance you feel it would have.” Government’s highest
frequency response is 2, academia’s highest frequency response is 7, and industry’s is 2 as well.

Figure 2. A bar chart depicting the frequency distributions of the question, “the budget allotted
to the project would be reasonable.” The highest frequency rating given by government was “(4)
agree”, the highest frequency rating by academia was “(3) neutral”, and by industry was “(4)
agree”. Data is skewed slightly right.
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Figure 3. A bar chart depicting the frequency distributions of the question, “I feel I would know
what my responsibilities with regards to this project are.” All three conditions have similar
distributions, most responses being in “(4) agree.” The highest frequency within this category is
by academia, then industry, and then government. Data is skewed slightly right.

Figure 4. A bar chart depicting the frequency distributions of the question, “my personal
preferences align with more than 80% of the astronomy community” during the June conference.
The highest frequency rating given by all conditions—industry, academia,
undergraduate/graduate, and other—was “neutral”, with a normal distribution.
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Figure 5. A bar chart depicting the frequency distributions of the question, “the mission’s cost is
important to me” during January. The highest frequency of ratings for all condition except
undergraduate/graduate was “agree.” Undergraduate/graduate had a much higher rate of
response, with functionally equal frequencies in “agree” and “neutral”. Undergraduate/graduate
was also more likely to disagree or strongly disagree than other conditions.

Figure 6. A bar chart depicting the frequency distributions of the question, “I am willing to
accept programmatic risks in a probe class mission” during the January conference. The highest
frequency rating given by all conditions—industry, academia, undergraduate/graduate, and
other—was “agree”. Data is slightly skewed left.
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Figure 7. A bar chart depicting the frequency distributions of the question, “I am willing to
accept technical risks” during the January conference. The highest frequency rating given by all
conditions—industry, academia, undergraduate/graduate, and other—was “agree”.
Undergraduate/graduates were more likely to disagree and strongly disagree than other
conditions. Data is skewed left.

Figure 8. A bar chart depicting the frequency distributions of the question, “my personal
preferences align with more than 80% of the astronomy community” during the June conference.
The highest frequency rating given by all conditions—industry, academia,
undergraduate/graduate, and other—was “neutral”.
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Figure 9. A bar chart depicting the frequency distributions of the question, “the mission’s cost is
important to me” combined over both conferences. The highest frequency rating given by
industry was “agree,” academia and undergraduate/graduates’ highest frequency response was
“neutral”.

Figure 10. A bar chart depicting the frequency distributions of the question, “I am willing to
accept technical risks” combined over both conferences. The highest frequency rating given by
all conditions—industry, academia, undergraduate/graduate, and other—was “agree”
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Figure 11. A chart presenting data for the item “what primary science would you like to see a
future NASA astrophysics observatory address?” Although 217 individuals did not respond,
many responses indicated that participants felt observatories should work towards further space
exploration, followed by exoplanet research, UV waves, and finally new lifeforms.
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Figure 12. A chart presenting data for the item “what do you value most with regards to mission
concept for the Decadal consideration?” 181 individuals did not respond. The highest frequency
response was scientific return, followed by science innovation, further exploration, wavelengths,
and then efficiency.
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Figure 13. A chart presenting data for the item “what do you think the astronomy community
values most with regards to the next Decadal consideration?” 194 individuals did not respond.
The highest frequency response was scientific return, followed by exoplanet research, science
innovation, further exploration, and then wavelengths.

